1. The fat-free mass (FFM) of ten male and ten female subjects was calculated from measurement of (i) height and weight, (ii) skinfold thickness, (iii) body density, (iv and v) total body potassium by two different methods. All the subjects were apparently healthy and in the medium range of body build and they were mainly young adults.
M E T H O D S
Ten men and ten women, all apparently healthy, acted as subjects; the mean values (and ranges) for age, height and weight were: men, 24 years (17-30), 179 cm (163-191) , 68.0 kg (57.0-81.2); women, 28 years (16-54), 160 cm (152-170), 57.0 kg (44.4-68. 3).
Methodr of estimating FFM
Height and weight. Hume & Weyers (1971) measured total body water (TBW) by tritium dilution, and the height and weight, of thirty men and thirty women aged between 33 and 84 years. They established the following regression equations. We have calculated the FFM of our subjects from measurements of height and weight by using these regressions and the relationship (FFM = 100 TBW/73) established by Rathbun & Pace (1945) .
Skinfold thickness. Measurement of skinfold thickness was made at four sites on both sides of the body : over the biceps and triceps muscles and at the subscapular and suprailiac areas. The mean values for the sum of the skinfold thicknesses at these four sites were 45 mm in the men, and 70 mm (35-108) in the women. The values were the means of three readings at each site. The exact location of these sites is described by Durnin & Rahaman (1967) and we have used their prediction formulae to calculate fat and FFM.
Density. The density of each male and female subject was measured by weighing underwater, by the technique of Durnin & Rahaman (1967) . Three separate measurements of density were done on each subject. The mean values were 1.062g/cm3 (1444-1.079) for the menand 1.036 g/cm3 (1407-1.054) for the women. Fat was calculated by the Siri (1956) equation:
Fat (%Wt) = [(Density/4-95)45] x 100 and FFM obtained by subtraction from body weight.
Total body potassium (40K). This measurement was the mean of two readings using the Merlin mobile whole-body radioactivity monitor (Boddy, 1967) . The readings obtained were expressed as Eq of K by using a calibration equation derived by Boddy, King, Tothill & Strong (1971) . The mean values were 3.730 Eq (3-13W450) for the men and 2.420 Eq (2.060-24310) for the women. Boddy, King, Hume & Weyers (1972) (1961) found the relationship of total body potassium to FFM to be 68-1 mEq of potassium/ kg of FFM. This value has been used in the present series of ten men and ten women in calculating FFM from the measurement of 40K by whole body counter. Table 2 shows the discrepancies between pairs of methods for estimating the FFM; the levels of significance are also shown. This Table indicates whether differences between methods are consistently in one direction or not. For example, the estimates of FFM obtained by the method of Forbes et ul. (1961) are consistently lower in the women; and to a lesser degree the results given by the skinfolds method in both sexes tend also to be lower compared with the results of other methods. Again, with the women, estimates of FFM obtained by the potassium method of Boddy et al. (1972) produce consistently higher results than the other methods.
RESULTS

In
DISCUSSION
In the male subjects there were only small discrepancies between the different methods of estimating FFM in the present series ( the density and 40K (Forbes et al., 1961) methods. The largest mean difference in the absolute amounts of the FFM, estimated by the various methods, was 2.1 kg, equivalent to less than 4% of the mean absolute FFM for men (563 kg). Therefore, all of these methods, on the present group of ten men, produced almost the same results.
In the case of the women, somewhat larger discrepancies were found between the five methods. In particular, the relationship of Forbes et al. (1961) , derived from the analyses of four male cadavers, is clearly inappropriate for women. Excluding that method, the highest mean difference for the other comparisons was 4.2 kg of FFM, equivalent to approx. 10% of the absolute FFM for women (41 kg). The reliability of the fundamental basis on which FFM is calculated by the different techniques-density, 40K and skinfolds-is much less for women than for men, because of the relative paucity of experimental results. Thus, errors may have been introduced which account for the larger discrepancies in women (Table 2) .
Nonetheless, it might reasonably be concluded that all these methods [apart from the 40K method of Forbes et al. (1961) for women] give approximately similar results in the present small series of subjects. For certain individuals, it can be seen from Table 1 that occasionally large differences between methods do occur. These may be infrequent enough to be of small importance, but the series is not sufficiently comprehensive for certainty on this point.
The Hume & Weyers (1971) method of estimating FFM from measurement of height and weight forms the basis of Boddy's method for estimating FFM from total body potassium and so the close relationship between these methods is probably to be expected. The good agreement between the height-weight method and the other techniques used, however, suggests that it may possibly have a more general application, although its validity would require studies on a much larger population. We have results on almost 600 subjects where fat and FFM have been assessed from anthropometry (including height and weight) and from density (J. Womersley & J. V. G. A. Durnin, unpublished work).
The apparently good agreement between methods is perhaps surprising since each is based on assumptions which have not been validated extensively. Thus, the heigh-weight method presupposes that the FFM has a known and constant water content which can be measured accurately by (in this case) tritium. The skinfold method assumes that subcutaneous fat measured at certain sites provides an accurate estimate of the total body fat. Estimations from body density and body potassium have, as their bases, the assumption that the FFM has a constant density and potassium content in all subjects. Sufficient cadaver analyses have been done to suggest that the density of the FFM is fairly constant in different individuals; however, the four male cadavers whose potassium content have been measured do not permit similar conclusions, and certainly not in females.
Nevertheless, it is not the purpose of this article to examine these assumptions but simply to compare the results obtained by these various published methods of estimating FFM.
The measurement of 40K on the ten men and ten women has enabled a calculation to be made of the potassium content of the FFM (Table 3) Table 11 -5, p. 177, Cheek, 1968; Hughes, Williams & Smith, 1967) .
A difference in the potassium content of the FFM in the male and female subjects would be of considerable physiological significance. Although this difference has been reported by several workers using 40K whole body counters (Remenchick & Miller, 1962; von Dobeln, 1962; Hughes et al., 1967; Cheek, 1968) and can be derived from the results of several others who have used both the 40K isotope (e.g. Allen, Anderson & Langham, 1960) and the 42K isotope (e.g. Boling, Taylor, Enteman & Behnke, 1962; Moore, Olesen, McMurrey, Parker, Ball & Boyden, 1963) , no attempt seems to have been made to explain it or to discuss its implications. The difference would not appear to be reflected simply by blood concentrations, since these are similar for both men and women. To our knowledge, there are no single tissues of the body where potassium contents have been found to differ for men and women. It may be that in women there is a smaller muscle mass [which has a relatively high potassium content, about 99 mEq/kg (Woodbury, 1956 )] relative to skeleton [which has a relatively low potassium content, 20 mEq/kg or less (Woodbury, 1956) ], and that this accounts for part of the difference. It would be interesting to have further measurements of this since it has a relevance in other aspects of body composition studies. The significant difference in the potassium content of the FFM between men and women would suggest that there may be a sufficiently large difference in the relative proportions of tissues that the density of the total FFM is not the same in men and women. This would necessitate using a modified equation to calculate the fat and FFM of women from measurements of body density. In turn, the relationship between fat content and skinfolds for women would be different. Much more basic experimental results are needed in all of the techniques used in this study, primarily in relation to the composition and relative proportions of the various tissues of the human body and the way in which these change, for example, with sex, development, age, race and physical activity.
